by generating the expanded SCA8 allele directly from Drosophila and humans. Although expression of both the genomic DNA of a patient whose inherited ataxia wild-type and repeat-expanded SCA8 induce neurodehas been genetically linked to the SCA8 locus [6]. Simigeneration, the strength of interaction with certain larly, the wild-type SCA8 cDNA was generated from the modifiers differs between the two SCA8 backgrounds, unexpanded allele of an unaffected member of the same suggesting that CUG expansions alter associations family and has the repeat configuration CTA 9 CTG 9 [6]. with specific RNA binding proteins. Our demonstration Genomic stability of the CTG repeats in the transgenic that SCA8 can recruit Staufen and that the interaction lines was confirmed by Southern hybridization (data not domain maps to the portion of the SCA8 RNA that shown). undergoes repeat expansion in the human disease Using the gmr-GAL4 driver to induce expression in suggests a specific mechanism for SCA8 function and all photoreceptor neurons, we found that expression of disease. Genetic modifiers identified in our SCA8-SCA8(CTG9) and SCA8(CTG112) leads to disorganizabased screens may provide candidates for designing tion of the ommatidia and mechanosensory bristles of therapeutic interventions to treat this disease.
tioned. In the control ( Figure 1D ), this analysis reveals the uniform cellular organization of the ommatidia, each of which contains eight photoreceptor neurons surrounded by cone cells and pigment cells. Ectopic expression of wild-type and expanded SCA8 leads to loss and disorganization of the photoreceptor neurons and pigments cells (Figures 1E and 1F) . We next asked whether SCA8-associated neurodegeneration is age dependent and progressive by comparing tangential retinal sections from young (1-2 days) and old (30 days) adult flies expressing SCA8 to age-matched controls. While the retinas of control flies expressing the gmr-GAL4 driver alone exhibit a mild age-dependent deterioration ( Figures 1D and 1G) , the degeneration is much more pronounced when SCA8 transgenes are expressed ( Figures 1E, 1H, 1F , and 1I). Frontal sections of the brain and retina further confirm the progressive nature of SCA8-induced neurodegeneration in Drosophila adults ( Figures 1J-1O) .
Staining of the larval eye discs with the neuronal marker ELAV revealed no apparent disruption in recruitment and differentiation of the photoreceptor neurons ( Figures 1P-1R) . Degeneration of the mature photoreceptors appears to initiate during pupal stages, as evidenced by the mild neuronal loss seen in SCA8 expressing pupal eye discs ( Figures 1S-1U) . Thus, the rough-eye phenotype observed in adults reflects a later degeneration of mature neurons as opposed to an early developmental defect.
We next asked whether despite the comparable overexpression phenotypes, there might be differences in expression levels and/or localization of the wild-type versus expanded SCA8 transcripts. Although not a quantitative assay, in situ hybridization revealed comparable expression from SCA8(CTG9) and SCA8(CTG112) transgenes in larval eye discs ( Figure S2A) . Similarly, semiquantitative RT-PCR analysis from adult heads revealed roughly comparable expression levels, although we consistently observed a 1.3-fold increase in transcripts produced from SCA8(CTG9) versus SCA8(CTG112) transgenes ( Figure S1D ). Because knowledge of transcript localization has important implications for understanding the function of SCA8 and has not been previously reported in human tissues, we expressed the SCA8 transgenes in the larval salivary gland and associated fat body. We found that both the SCA8(CUG9) and the SCA8(CUG112) transcripts localized predominantly Figure 3) . None of the modifiers exhibit dominant eye phenotypes on their degeneration in the fly eye? We hypothesize that high levels of SCA8 transcripts may titrate away critical own, indicating that interaction with SCA8 is synergistic. It is possible that our screen failed to identify critical RNA binding proteins or other factors required for neuronal survival, resulting in retinal degeneration. Because SCA8-interacting genes simply because they are not expressed in the Drosophila photoreceptor neurons. the phenotypes associated with overexpression of SCA8(CTG9) and SCA8(CTG112) are similar, neuronal However, the fact that not all neuronally expressed genes tested were identified as modifiers (for example, degeneration may simply reflect the elevated SCA8 transcript accumulation, regardless of CUG repeat length.
elav, musashi, and fragile-X) indicates a degree of specificity and selectivity to the interactions (Table 2) . Alternatively, repeat expansion could alter SCA8's ability to interact productively with proteins that normally For muscleblind, split ends, and staufen, enhancement was observed with multiple loss-of-function alleles complex with the wild-type transcript or could result in inappropriate associations with new proteins, in both (Table 2 and data not shown). In the case of CG3249, the allele used was a P element engineered to activate cases triggering neuronal degeneration.
We have used the rough-eye phenotype that results expression of the gene immediately downstream of the insertion site. Thus, suppression of SCA8-medifrom overexpression of SCA8(CTG112) as a sensitized genetic background in which to test these models. We ated neurodegeneration resulted from coexpression of PKAAP. Further confirming the specificity of this interacfirst screened a collection of 957 lethal P element insertion lines for those capable of dominantly enhancing or tion, a loss-of-function allele of CG3249 enhanced the SCA8 rough-eye phenotype ( Figures 2G and 2H) . We suppressing SCA8-induced neurodegeneration. Isolation of mutations in several RNA binding proteins as also asked whether the genetic interactions might reflect an alteration in SCA8 RNA stability. However, RT-PCR dominant modifiers of SCA8 (Table 1) encouraged us to perform a more comprehensive survey of RNA binding analysis did not reveal any obvious changes in SCA8 RNA levels ( Figure 2J ). proteins. We therefore used a candidate gene approach to screen a collection of mutations in 22 known RNA Next, we asked whether modifiers isolated in our SCA8(CTG112) based screen interacted with the binding proteins ( Table 2 ). Mutations that interacted with the gmr-GAL4 driver line alone were deemed nonspe-SCA8(CTG9) sensitized background (Figure 3) . Two of the four modifiers exhibited different interaction strengths with cific (data not shown). This targeted screen recovered 
SCA8(CTG112) versus SCA8(CTG9). Mutations in mus-
cleblind enhanced the SCA8(CTG112) phenotype more strongly than observed with SCA8(CTG9) ( Figure 3M and compare Figures 3E to 3G and 3F to 3H) . Second, in the case of spen, a weaker interaction was observed with SCA8(CTG112) than with SCA8(CTG9) ( Figure 3M and compare Figures 3I to 3K and 3J to 3L) . These results indicate that although the neurodegeneration that results from expression of either SCA8(CTG112) or tion motif (RRM) containing nuclear proteins. spen mutant phenotypes include defects in the central nervous
